The study aimed to compare the nutritional composition of commercial and home-made orange juices with a fruit content of 100%, i.e., without dilution with water and without addition of sugars or any other sweeteners. Orange juice samples (n = 12 for both types of juice) were representative of the French market and of French consumers' habits as determined by a consumer survey. The results showed that both types of juices contained the same concentrations in total sugars and polyphenols and had low levels of dietary fiber (P > 0.05 for all parameters). Commercial orange juice contained less vitamin C (P = 0.035) and folate (P = 0.002) than home-made juice (15% and 27% less, respectively), probably owing to the vitamin degradation that may occur during industrial production (e.g., during pasteurization) and storage of commercial orange juice. The observed differences were of relatively small magnitude overall, however, and within the expected ranges for vitamin loss due to pasteurization and storage at ambient temperature. Indeed, commercial orange juice contained 85% of the vitamin C concentration measured in home-made juice, showing that vitamin C was well preserved in commercial juice. Another study with a larger number of samples would be needed to confirm these observations.
Introduction
Fruit juices are very lightly processed foods that are governed by a specific regulation within the European Union: Council Directive 2001/112/EC, which has been transposed into French law by Decree 2003-838 and amended by Directive 2012/12/EU. This regulation defines three main types of products, depending on the fruit content and process: "fruit juice", "fruit juice from concentrate" and "fruit nectar". Fruit juice is obtained by mechanical extraction (squeezing) of fruits harvested at maturity, followed by pasteurization. Fruit juice from concentrate is obtained in the same way except that the juice is concentrated through evaporation of natural water content. The juice is then restored by adding the same amount of water as was extracted from that juice during the concentration process. The concentration step is used to facilitate storage and transportation, and improve the environmental impact of the product. Fruit nectar is made by adding water to fruit juice or fruit purée, with or without sugar or artificial sweeteners. The minimal fruit content in fruit nectar should be 25% -50%, depending on the type of fruit.
Orange juice (OJ) is the most consumed fruit juice in Europe and around the world [1] [2] . It is obtained from the endocarp of the Citrus sinensis fruit. Several varieties of oranges are cultivated to make OJ, among which the main ones are Hamlin, Pineapple, Valencia and Pera. Most of the OJ consumed in Europe is imported, primarily from Brazil (79%), but also from Florida (7%), Spain (7%), Italy and Greece (5%) and Mexico and Israel (2%) [1] [3] . In France in 2013, OJ and nectars represented 47% of the market share (in volume, moving annual total) for fruit juices (all types of products/fruits), among which the majority (90%) corresponded to OJ made from concentrate or not from concentrate (with a fruit content of 100%), while only 10% corresponded to orange nectar (with a fruit content lower than 100%) (Nielsen, French fruit juice market as of December 29 th 2013 personal communication).
OJ contains substantial amounts of several micronutrients such as vitamin C, folate and polyphenols (e.g., hesperidin which is a flavanone) [2] [4], and may therefore contribute significantly to their daily intakes. Data obtained from a representative sample of the French population showed that fruit juices contributed to 31% of the daily vitamin C intake of children and to 16% of the daily vitamin C intake of adults [5] . When applying the market share figures described above, OJ would contribute to 15% of the daily intake of vitamin C for children and adolescents, and 8% for adults. The same data indicated that fruit juices and OJ contributed to 10% and 5% of the daily intake of simple carbohydrates in children, and 5% and 2% in adults, respectively.
Some steps of the process used for the industrial production of OJ are known to impact its nutritional composition, especially for vitamin C [2] [6] . Consistently, commercial OJ may have a different nutritional composition to home-made OJ; however, no good-quality analytical study has been performed to compare the nutritional composition between the two types of OJ. The aim of the present study was to determine whether the nutritional composition of commercial OJ differs significantly from that of home-made OJ. For that purpose, the nutritional compositions (total sugar, individual sugars [fructose, glucose, sucrose], vitamin C, folate, dietary fiber and total polyphenols) of a sample of commercial OJ representative of the French market and a sample of home-made OJ prepared according to the usual practices of French consumers were compared. The originality of the work lies in the analysis of the actual mode of consumption and preparation of home-made OJ and information related to the OJ French market. 
Materials and Methods

Chemical Reagents
Consumer Survey
A consumer survey was performed between March 5 and March 10, 2014 (CSA institute), in a sample of 1006 adults (481 men, 525 women) representative of the French adult population. Participants completed an online questionnaire with the aim to describe their usual consumption of fruit juices and their perception about fruit juices. The questionnaire included ten questions related to preparation and consumption of home-made fruit juices.
Constitution of the Two Samples of Orange Juice
The aim was to compare the nutritional composition of commercial and home-made OJ with a fruit content of 100%, i.e., without dilution with water and without addition of sugars or any other sweeteners.
Commercial orange juice: The aim was to create a sample that would be representative of the OJ market in France (Figure 1) . For that purpose, segmentation of the French market for OJ was studied on the basis of the 2013 and 2014 figures for the French market shares (volume data) related to OJ from concentrate and not from concentrate (but not orange nectar). References to constitute the sample of commercial OJ were selected to reflect this segmentation and by choosing the best-selling references (by volume) among each segment. Market share data were obtained from three market research companies (Nielsen, Kantar World Panel and IRI, personal communications). Selected OJ reference samples were bought in July 2014. All chemical analyses were performed just after opening of the packaging.
Home-made orange juice: The aim was to create a sample that would be representative of the actual practices of French consumers regarding home-made OJ. For that purpose, answers from questions related to preparation and consumption of home-made juices obtained in the consumer survey described in Section 2.2 were used to define the protocol for preparation of home-made OJ (types of oranges, mode of squeezing). Oranges were bought in July 2014 and OJ samples were prepared according to the indications given by the result of the consumer survey (see Section 3.2. below). All chemical analyses were performed just after preparation of the OJ. 
Sugar Composition
Sugar concentrations in OJ were measured according to methods published by the International Federation of Fruit Juice Producers (IFU). More precisely, glucose and fructose concentrations were measured according to method IFUMA55 [7] and sucrose according to method IFUMA56 [8] . Both methods are enzymatic methods and were performed by using an automatic spectrophotometer ABX PENTRA 400. All determinations were done once. Result uncertainties were given by the following formulas: glucose: U(g/L) = 0.714 + 0.03 × result; fructose: U(g/L) = 0.75 + 0.032 × result; sucrose: U(g/L) = 2 + 0.044 × result. For a glucose and fructose concentration of 20 g/L, this would correspond to an uncertainty of 1.3 and 1.4 g/L (i.e., approx. 7%), respectively. For a sucrose concentration of 40 g/L, this would correspond to an uncertainty of 3.8 g/L (i.e., approx. 10%). Total sugar concentration was the sum of the monosaccharides and disaccharides (glucose, fructose and sucrose).
Vitamin C
Vitamin C concentration in OJ was measured by high performance liquid chromatography (HPLC) according to NF V03-135 [9] using an Agilent (Agilent Technologies, Santa Clara, CA, USA) 1200 HPLC system equipped with a Quaternary Pump G1311A and coupled with a Diode Array Detector G1315D. OJ sample was diluted 1:20 with phosphate buffer pH 5.1. Then, 1 ml of dithiothreitol (6.12 g/L) was added to 5ml of this solution for the transformation of dehydroascorbic acid into ascorbic acid. Twenty μl were injected, and vitamin C (total ascorbic acid) was separated with a nucleosil ® C18 column (250 mm × 4.6 mm; 5 μm particle size) and a CC 8/4 guard column (Macherey Nagel, Düren, Germany) using a mobile phase made of meta-phosphoric acid 0.8% at a flow rate of 1 mL/min. The detector was set at 254 nm and data were collected and analyzed by an Agilent Chem Station version B: 04:01 (Agilent Technologies, Santa Clara, CA, USA). All determinations were done once and the result uncertainty was given by the formula U(mg/L) = 1.4 + 0.07× result. For a vitamin C concentration of 400 mg/L, this would correspond to an uncertainty of 29.4 mg/L (i.e., approx. 7%).
Folate
Total folate concentration in OJ was measured by a microbiological assay using Lactobacillus casei ATCC 7469 (L. rhamnosus) and free folic acid-casei medium according to AOAC method 2004.05 [10] . Turbidity was measured using a Gilson 215 and a Scinco S-3100 spectrophotometer. All determinations were done once and the result uncertainty was 30%.
Total Polyphenols
Concentrations of total polyphenols were analyzed by a colorimetric assay using Folin-Ciocalteu phenol reagent (F-C reagent) according to method ISO-14502-1 [11] with modifications. One mL of OJ sample diluted 1:50 with deionized H 2 O was added to 0.5 mL of F-C reagent, 1.5 mL of 20% Na 2 CO 3 and 7 mL of deionized H 2 O, mixed and allowed to react for 60 min at room temperature. Absorbance was measured at 765 nm. The quantification was done using an external calibration in four points with gallic acid solutions (80, 40, 10 and 1 mg/L). The sample concentration was expressed as mg gallic acid/L. The result uncertainty was given by the formula: U(mg/L) =10 + 0.25 × result. For a polyphenol concentration of 630 mg/L, this would correspond to an uncertainty of 167.5 mg/L (i.e., approx. 27%).
Total Dietary Fiber
Total dietary fiber was measured according to AOAC method 985.29 [12] with the modifications indicated in AOAC method 991.43 [13] . All determinations were done once and the result uncertainty was given by the formula U(g/100ml) = 0.1 + ( ) density meter (Anton Paar DMA 5000). All determinations were done once and the result uncertainty was U = 0.00020. The corresponding Brix was calculated by using the tables relating Brix and Relative Density described in method IFUMA08 [16] .
Quality Control and Quality Assurance Procedure
All the analyses described above have been performed by a laboratory with ISO/IEC 17025 accreditation for the mentioned assays, except for the determination of total polyphenols. In accordance with the COFRAC (French Committee of Accreditation) specifications (LAB GTA25), a routine repeatability assay is performed every month for each analysis and before each measurement (a minimum of 95% of the results must be repeatable). Furthermore, each analytical session is internally verified with a control chart (internal or external reference material), and the laboratory takes part in a proficiency test every month.
Statistical Analyses
All results are presented as arithmetic means ± SD. The nutritional composition of the two samples of OJ (commercial and home-made OJ) were compared using the Wilcoxon-Mann-Whitney rank sum test. Statistical analyses were performed with R (2.13.0). Statistical significance was set at P < 0.05. Figure 1 describes the segmentation of the French market for 100% OJ according to the channel of distribution (retailers, hard-discount or catering), the temperature used for the storage of juices (ambient or cold), the brand category (private labels or branded products), and the industrial process (OJ from concentrate or not from concentrate). References of commercial OJ (n = 12) were selected in order to reflect this segmentation (Figure 1 ). More precisely, most (75%) of the OJ references were purchased in the ambient departments of retailers and hard-discount stores. Private labels and branded products were represented in the same proportion (50% of the sample each). Sixty-seven per cent of the references were OJ not from concentrate and 33% were OJ from concentrate. All OJ samples were collected 1 to 2 months after packaging, i.e., at the beginning of their shelf life.
Results and Discussion
French Market for Orange Juice and Sample of Commercial Orange Juice
Consumer Survey and Sample of Home-Made Orange Juice
Results from the consumer survey showed that 93% of the questioned consumers who prepared home-made OJ bought specific oranges for this purpose (i.e., oranges labeled as "intended for juice" in the store). Most of the consumers (49%) used two oranges to make one serving of OJ (31%used ≥ three oranges, 20% used one orange) and the preferred method for squeezing was manual or electric citrus juicer (94%). Ninety-five per cent of the subjects consumed the juice less than 15 min after it was prepared, and 71% kept it at ambient temperature before consumption. The average volume of consumed home-made juice was 170 ml (77% consumed between 100 and 200 ml; 12% consumed ≥ 250 ml) and 95% of the subjects consumed home-made juice without addition of sugar or water. The sample of home-made OJ (n = 12) used in our study was created on the basis of these results (Figure 2) . Briefly, three batches of oranges labeled as 'intended for juice' were collected in retailer stores (two private labels and one branded product). All oranges were of the same variety and origin (Valencia, Spain). Juices were made by squeezing the oranges with a manual or an electric citrus juicer, 3 or 11 days after purchase of the oranges (Figure 2) , and all chemical analyses were performed less than 15 minutes following preparation.
Sugar Composition, Relative Density, Degree Brix and Titratable Acidity
As shown in Figure 3 , the concentration of total sugars was not significantly different between commercial and home-made OJ (8.61 ± 0.427 g/100mL vs 8.35 ± 0.887 g/100mL, respectively, P = 0.45); commercial OJ contained significantly more fructose and glucose (P = 0.005 and 0.019, respectively), but significantly less sucrose (P = 0.001) than home-made OJ. Although the differences in individual sugars between the two types of juices were statistically significant, they were of relatively small magnitude and within the measurement uncertainty for sucrose (approx. 10%). Differences in maturity, variety and/or origin between the oranges used to make home-made OJ and commercial OJ may explain those small variations. For instance, all the oranges used for home-made OJ originated from Spain while those used to make commercial OJ were mostly from Brazil. Furthermore, and as illustrated in Figure 3 , distribution of the individual concentrations in total sugars within the 24 OJ samples showed a higher variability among home-made OJ samples. This may be explained by the fact that commercial OJ is commonly obtained by blending (OJ of various varieties, maturity stages and origins) to guarantee a constant organoleptic quality throughout the year, which probably leads to a higher homogenization of their sugar content.
Results for relative density and degree Brix reflected those obtained with total sugars since no significant differences were observed between the two types of OJ (relative density: 1.05 for both types of OJ; degree Brix: 11.2 ± 0.4 and 11.1 ± 0.9 for commercial and home-made OJ, respectively). Titratable acidity (pH 8.1) was significantly higher for home-made OJ (0.965 ± 0.188 g/100mL, expressed in citric acid) as compared with commercial OJ (0.739 ± 0.0596 g/100mL) (P = 0.001). Once again, differences in orange origin may explain this observation, oranges from Spain being generally more acidic than oranges from Brazil.
Vitamin C, Folate, Polyphenol and Dietary Fiber
Commercial OJ contained significantly less vitamin C (−15% approx.) and folate (−27%, approx.) than homemade OJ (vitamin C: 40.5 ± 10.1 mg/100mL vs 47.8 ± 8.59 mg/100 L, respectively, P = 0.035, Figure 4 ; folate: 25 ± 5.8 μg/100mL vs 34 ± 5.8 μg/100mL, respectively, P = 0.002, Figure 4) . This difference is probably related to vitamin C and folate degradation that may occur during industrial production and storage of commercial OJ. In particular, pasteurization, which is used to avoid microbiological contamination, has been shown to induce a 6% to 11% reduction of vitamin C concentration in OJ [6] [17] . Besides, vitamin C concentration in OJ has also been shown to decrease during storage at ambient temperature, with an 18% to 39% reduction after 2 months, depending on the type of packaging [18] . This may therefore also explain the lower vitamin C concentration observed in commercial OJ, since analysis were performed 1 to 2 months after packaging and most of the references (10 out of 12) were stored at ambient temperature. Finally, the folate concentration measured in our OJ samples was similar to that previously reported by Ohrvik & Witthoft [4] (from 16 to 30 μg/100g). Therefore, the differences in vitamin concentrations observed in our study between commercial and home-made OJ appear to be within the expected ranges for vitamin loss due to pasteurization and storage at ambient temperature. Besides, they were of relatively small magnitude overall, with the concentration measured in commercial OJ representing 85% of that measured in home-made OJ for vitamin C and 73% for folate. The larger reduction observed for folate may be explained by the fact that this vitamin is known to be more fragile than vitamin C (higher sensitivity to oxidative degradation, light and heat) [19] .
Concentrations of total polyphenols were similar between the two types of OJ (63.3 ± 5.85mg/100mL vs 62.9 ± 5.94 mg/100mL, for the commercial and home-made OJ, respectively, P = 0.95, Figure 5 ). This result is not surprising, since hesperidin, which is the main polyphenol in OJ, is known to be stable in regard to pasteurization treatment, with a retention factor estimated at 95% for pasteurized OJ [20] [21] .
Finally, both commercial and home-made OJ contained low levels of dietary fiber, which were below the method's limit of detection (i.e., <0.5g/100mL). Here, it should be specified that orange pulps were not reincorporated into the juice after squeezing during the preparation of the home-made OJ, and that 92% of the commercial OJ did not contain added orange pulps (11 references out of 12). 
Strengths and Limitations
Our study had some limitations that should be acknowledged. Although the sample size was sufficient to perform statistical comparisons between analytical data, our conclusions should be considered with caution because of the small number of analyzed samples, and results would need to be confirmed with another larger study. In particular, no conclusions could be drawn regarding the impact of the individual factors that could explain some of the result variability (e.g., orange variety and origin, types of packaging and storage temperature before opening for commercial OJ, mode of squeezing for home-made OJ). All oranges used to make home-made OJ were from the same origin (Spain) and of the same variety (Valencia), which therefore precluded any variability in these factors being introduced within the sample of home-made OJ. This was because fruit collections were all performed at the same time (July), and at that time of the year most oranges 'intended to make juice' that are available in French retail stores are of this variety and origin. Although Valencia is among the varieties most often used for home juicing in France, results for home-made OJ may need to be confirmed with further analyses with other types of oranges. Finally, although concentration of total polyphenols is almost equivalent to hesperidin concentration in OJ (since hesperidin is the dominant polyphenol), it would have been interesting to measure the flavanone glycosides (especially hesperidin) in our OJ samples instead of total polyphenols.
Our work had also several strengths. To our knowledge, it was the first study to compare the nutritional composition between home-made OJ and commercially available OJ, with a sample of products which was representative of the actual French market. Besides, the sample of home-made OJ was built to reflect the usual attitudes and practices of French consumers, as recorded from a consumer survey. These characteristics made our work original as compared with previous studies in this area, which did not consider commercially available OJ or home-made OJ prepared following usual consumer's practices (e.g., [6] [17] [22] ).
Conclusion
This study compared the nutritional composition of two samples of commercial and home-made OJ, which were representative of the French OJ market and of French consumers' habits. It showed that both types of OJ contained the same concentrations in total sugars and total polyphenols. Home-made OJ contained a very low amount of dietary fiber, as did commercial OJ. Vitamin C and folate concentrations were lower in commercial OJ than in home-made OJ, probably because of the vitamin degradation that may occur during industrial production (e.g., during pasteurization) and storage of commercial OJ. The observed differences were of relatively small magnitude, however, and within the expected ranges for vitamin loss due to pasteurization and storage at ambient temperature. Indeed, commercial OJ contained 85% of the vitamin C concentration measured in homemade OJ, showing that vitamin C was well preserved in commercial OJ. This is consistent with the fact that fruit juices, and OJ in particular, are important contributors to vitamin C intakes within the French population: being the primary contributor in children and the second most important contributor, after whole fruits, in adults [5] . Another study with a larger number of samples, and including a wider variability in relevant factors (e.g., orange varieties and countries of origin, types of packaging…), would be needed to confirm the observations of the current study and to provide further information on the impact of individual parameters on the vitamin content.
